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Cryo micro-spectroscopy at ID21 for environmental sciences
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It is well recognized that, in terms of availability and toxicity in the environment, metal speciation is more important than
total concentration. Metal speciation determines the distribution of an element in tissues and ultimately the various
mechanisms of toxicity and detoxification. The chemical form and distribution of a metal are also important for environmental
risk assessment. In this sense, the development of non-destructive microspectroscopic techniques, as available at ESRF
beamline ID21, is of special interest to study the fate of metals in the environment [1, 2].

Localization and speciation of trace elements at ID21 is done using micro-X-ray fluorescence (uXRF) and micro X-ray
absorption spectroscopy (U-XANES) in the tender X-ray domain (2.0-9.1 keV) [3]. The X-ray beam is focused using KB
optics to a sub-micron spot (~500 nm), which then allows localization of trace elements at subcellular level. The beamline is
equipped with a passively cooled cryogenic stage that allows the study of frozen hydrated specimens (cells and cryo-
sectioned tissues) preventing elemental redistribution and minimizing radiation damage. The combination of uXRF and
UXANES allows precise localization and speciation of biologically relevant (P, S, Cl, Ca, K) and potentially toxic elements (Cd,
Ag, Ti, La, Ce) in complex samples with detection limits in the low femtogram range.

This presentation will highlight experiments performed at ID21 taking full advantage of the beamline capabilities in the study
of metal accumulation in plants, interaction of plants with engineered nanomaterials (ENMs) and detection of ENMs in
complex matrices [1].
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